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The drying process 
To use pig manure for energy 
production, the effluent solids must 
be dried to less than 20 per cent 
moisture. Piggery effluent has a 
moisture content of about 85 per cent 
after it has been separated from the 
liquid stream. The overall efficiency 
of a drying system can be maximised 
if the energy input can be minimised. 
For this reason, a two stage drying 
process has been adopted. First the 
bulk of the liquid is squeezed, from 
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The variations in calorific values of 
different biological materials is 
related principally to the relative 
proportions of carbohydrate, protein, 
fat and fibre they contain. 
The potential of biological materials 
as fuels 
The calorific value of a material is 
the energy it releases when it is 
burned in oxygen. The calorific value 
indicates how much heat a material 
can produce and thus gives a good 
approximation of its potential for use 
for indirect combustion or in an 
internal combustion engine. 
Calorific, or fuel, values of common 
fuels are shown in Table I. Diesel 
and boiler fuel-oils and vegetable oils 
produce the greatest heat on burning, 
and thus are commonly used as fuels. 
Table 2 shows the calorific values of 
various materials relative to the 
calorific values of diesel and boiler 
fuels. Of these, dried abattoir 
effluent, in particular, shows the 
greatest potential for use as a fuel 
because its calorific value, or energy 
content, is closest to those of the two 
oil fuels. 
• The gas producer (left) powers a stationary 
engine 
They have achieved conversion 
efficiencies of 68 per cent with a pig 
manure-charcoal gas producer and 
the gas has been used to dual-fuel a 
diesel generator. Only minor 
modifications to the intake manifold 
were required. These caused little or 
no loss of power. 
Such producer gas could be used to 
fuel boilers, space heaters, spark 
ignition and compression engines. 
By D. Althorpe, S. K. Baker, P. T. Clarke and R. A. Loxley, Division of Dairying and Food Technology 
As energy costs rise, more and more 
attention is focused on agricultural 
products and by-products as 
potential energy sources. Big 
quantities of energy are needed to 
process agricultural products in 
abattoirs, dairy factories, juice 
factories, canneries, grain mills and 
breweries. In turn, abattoirs, 
breweries, juice factories, feedlots, 
piggeries and wineries create large 
volumes of effluent and waste 
products. The disposal of these 
effluents is an increasing problem, 
but if they can be used to produce 
energy, they offer the potential to 
reduce the energy costs of processing. 
Food technology research workers 
have used dried pig, poultry and 
sheep manure successfully to fuel gas 
producers. They have shown that the 
calorific value of pig manure is 
greater than that of sheep or poultry 
manure. 
Producing fuel from dried animal manures 
A pig weighing 45 kg voids 3 kg of 
dry matter per week. The calorific 
value of dried pig manure is 
approximately 20 megaJ oules per 
kilogram (MJ/kg). 3.6MJ = I 
kilowatt per hour. Taking all progeny 
into account the energy potentially 
available from a 100 sow piggery is 
2964 gigajoules per year. (GJ/y). A 
gigajoule = I 000 megaJoules. Pig 
manure has a calorific value of 45 per 
cent of that of diesel fuel oil. For 
example an estimated energy value of 
pig manure of 2 964 GJ /y 
corresponds to 72 tonnes of diesel 
fuel, or at 1982 prices, $27,000. 
The down-draft gas producer 
The gas produced by the down-draft 
type of gas producer is the most 
suitable for internal combustion 
engine use. This type is shown 
diagramatically in Figure I. The 
temperatures indicated are those 
achieved with dried pig manure. With 
other materials combustion 
temperatures of 1100° C have been 
recorded 
agricultural residues in gas producers 
with good results. Large-scale coal- 
fired gas producers are marketed 
commercially in Australia, and will 
probably become an established part 
of the medium scale industrial scene. 
There are three types of gas producer 
... up-draft, cross-draft and down- 
draft ... generally described by the 
direction of air and gas flow through 
the combustion zone. In the up-draft 
type, air .enters at the bottom of the 
gas producers, travels up through the 
descending fuel, and forms 
combustible gases which exit from 
the top. In the cross-draft type, air 
enters from one side at low level and 
the gases exit from the other side at a 
higher level. In the down-draft type 
air enters at a higher level and travels 
down in the same direction as the 
fuel. 
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Gasification of dry waste solids 
Gas producers have been in use since 
before the turn of the century. They 
were very popular during World War 
II when liquid fuel was scarce. As 
cheap liquid fuels became available 
after World War II, little interest was 
shown in developing the gas producer 
further except in Sweden where 
active research has been carried out 
since 1957. In recent years, centres in 
the Philippines and California have 
been investigating the uses of 
A maximum initial loading to allow 
fluidisation was about 39 kg (wet 
weight) per square metre of 
distribution grid. An agitation grid 
was included to maintain the initial 
fluidisation. The air pressure during 
operation was 315 Pa. 
Under test conditions it was found 
that by incorporating the expression 
stage in the drying process, the 
estimated cost of drying piggery 
effluent was reduced by up to 80 per 
cent, at a wet bulb depression of 
100C. 
Table 3 shows some estimated costs 
of drying piggery effluent using this 
process. By comparison present 
industrial cost of evaporative drying 
are about $15 per tonne of water 
removed. 
Evaporation stage 
An ambient air dryer is used to 
further reduce the moisture content 
to the required level. This type of 
dryer is particularly suitable in the 
Mediterranean climate of south 
Western Australia where, in Perth for 
example, the average daily wet bulb 
depression is 5.4° C, relatively low by 
world standards. Effluent solids have 
an average particle size of 3 mm and 
adhere together loosely. For this 
reason, the fluidised bed principle 
was adopted. Ambient air, supplied 
by a centrifugal fan, is forced 
through the grids and the effluent 
solids. As the velocity of the air from 
the fan is increased, the solid 
particles of the effluent are supported 
on the air stream, and are said to 
behave like fluids. 
A small fluidised bed dryer capable 
of handling small batches of effluent 
solids was used. The effluent solids 
were placed on the distribution grid. 
Expression stage 
A double-belt compressor is used to 
express water from the effluent. The 
wet effluent solids travel with the 
lower conveyor belt and are 
compressed between the upper and 
lower belts. By altering the belt 
speeds and the force applied through 
the upper belt, the effectiveness of 
liquid removal can be improved. 
Under test conditions, at a belt speed 
of 50mm / s and a roller force of 4 000 
Newtons (9.8 Newtons-I kg of 
force), 45 kg (dry weight) of solids 
was processed per hour and the 
moisture content was reduced by 
about 30 per cent. 
the effluent. In the final stage the 
moisture content of the effluent is 
reduced further by evaporation. 
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No significant decrease in maximum 
torque has been recorded with 
producer gas and the modifications 
to the engine are very simple. A tee- 
piece is fitted to the suction. line and 
the gas line is connected to it. A 
simple mixing valve con.trols t~e 
proportion of gas and arr admitted to 
the engine. 
Similarly, the only conversion 
required for boilers or space heaters 
is an increase in the size of the 
burners. However, safety becomes 
more important with pressurised 
systems because as the producer gas 
is pumped to the boiler or space 
heater, gas will escape through leaks 
in the pipework. To avoid 
accumulation of toxic carbon 
monoxide (CO), it is important that 
the gas producer be housed in a well 
ventilated area. 
The great advantage of the gas . 
producer is that it is a very flexible 
energy conversion device and is 
readily adaptable to a wide range of 
fuels. It produces an energy source 
that can be used in a wide variety of 
machines. Relatively little research 
has been carried out on the gas 
producer until recently, so it is likely 
that significant improvements can be 
made to the earlier designs. 
As shown in the reaction diagram air 
is introduced into the gas producer at 
the oxidation zone and combustion 
takes place (Reaction 3). The carbon 
dioxide (C02) formed passes down 
through an incandescent bed of 
carbon and is reduced to carbon 
monoxide (CO) (Reaction 6). This is 
a reversible reaction in which the 
formation of CO is favoured by high 
termperatures and maximum contact 
time. Reactions 4 and 5, between . 
carbon and steam, absorb heat and 
will limit the temperature of the 
reduction bed. This will affect the 
proportion of CO form~? t~rough 
Reactions 4 and 6. Equilibrium 
conditions and stable temperatures 
will be reached depending on the 
moisture content of the fuel, the type 
of fuel and the size of the reduction 
bed. 
Biomass fuels such as animal 
manures contain large proportions of 
cellulose and lignin, so large volumes 
of hydrocarbons as volatile tars are 
formed. These tars are troublesome 
because they condense readily on any 
cool surface. However, in the down- 
draft system these tars are drawn 
through a deep hot bed of carbon 
and most can be 'cracked' into 
gaseous hydrocarbons. The . 
remaining tars must be removed with 
scrubbers and filters. 
Gas producers can be fed with 
virtually any dry organic material. 
Fuels successfully used include dried 
animal manures, oats, rice hulls, 
coconut husks, walnut shells, 
charcoal, wood chips, coal and many 
others. The composition of a typical 
producer gas is 21.5 per cent CO, 
11.9 per cent C02, 9.2 per cent 
hydrocarbons, 15 per cent H2, 0.5 per 
cent 02 and 41.9 per cent N2 giving a 
heat value of7.38 MJ/m3 (Goss, 
1979). For comparison, natural 
petroleum gas has a value of 38.2 
MJ/m3. 
The lower heat value for producer 
gas does not prevent successful use in 
internal combustion engines, 
especially the diesel which has ~igher 
compression ratios. Generally, if 
diesel engines are used they are dual 
fuelled with approximately 85 per 
cent of producer gas and 15 per cent 
diesel fuel. The 15 per cent diesel 
ensures that combustion occurs 
although if conditions are right, an 
engine will run on 100 per cent gas. 
C02 carbon dioxide 
CO carbon monoxide 
H20 water 
O, oxygen gas 
H; hydrogen gas 
N2 nitrogen gas 
THC total hydrocarbons 
names 
Chemical 
kilojoule per gram 
megajoule per kilogram 
gigajoule per annum 
megajoule per cubic metre 
British thermal units per cubic foot 
megajoules per litre 
kilogram 
kilogram per hour 
millimetre 
millimetre per second 
litre per second 
Pascal 
kilowatt 
kJ/g 
MJ/kg 
GJ/a 
MJ/m3 
Btu/ft3 
MJ/L 
kg 
kg/h 
mm 
mm/s 
1/ s 
Pa 
kW 
Williams, R. 0., Goss, J. R., Mehlschau, J. J., 
Jenkins, B. and Ramming, J., 1978. 
A.C.S. Symposium Series No. 76. "Solid 
wastes and residues". 
Goss, J. R., 1979. Pilot Plant Gasification Test 
on Biomass Fuels Interim Report: June 1979. 
Prepared for the California Energy 
Commission, 1111 Howe Avenue, Sacramento, 
California, 95825. 
Abbreviations used 
References 
If an efficiency of 45 per cent is 
assumed for the diesel engine and an 
efficiency of 90 per cent is assumed 
for its alternator, an overall 
conversion efficiency of 27.6 per cent 
is obtained. This compares 
reasonably with the 27 to 33 per cent 
conversion efficiency of large scale 
power generation plants. 
20 
12 
0 
10 
5 
53 
14.29 
0.60 
1.9 
1.23 
21.99 
Gas composition 
%CO . 
%C02 . 
%0, .. 
%H; . 
%THC .. 
%N2 . 
Energy output in gas (kW) 
Sensible heat of gas (kW) .. 
Radiant heat loss (k W) . 
Convective heat loss (kW) 
Energy input (kW) 
Conversion efficiency 
Boiler or space heater%... .. ... 83.0 
Diesel engine % 65.0 
• An experimental gas collection uni! set up 
on a piggery effluent pond. 
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Fuel consumption (kg/h) 
~~a~~~re_:::::::::::::::::::: ::: 6:~~ 
Fuel mass reduction(%) 78 
Ambient temperature (0C) 16 
Combustion temperature (0 C) 540-670 
Reduction temperature (0 C) 880-960 
Gas temperature (0 C) 204 
Shell temperature 
Producer (0 C) 93 
Reduction box (0 C) 186 
Air flow to combustion zone 
(% of total) 80 
Air flow to reduction zone 
(% of total) 20 
Gas flow (L/s) 2.3 
Experimental data 
The pig manure caused some flow 
problems because it tends to 'b:id_ge' 
when in its fine form and has similar 
handling characteristics to sawdust. 
Pelletising to increase its density may 
help improve its burning 
characteristics and handling. 
The rate of flow of fuel through the 
gas producer is regulated by a 
rotating basket that passes ash 
through to the ashpit. 
The energy balance and conversion 
efficiency of the system has been 
calculated. The conversion efficiency 
was defined as the percentage of 
energy, contained in the fuel, that can 
be liberated at its point of use. 
Therefore when considering boilers 
and space heaters, the sensible heat 
contained in the hot gas is included 
in the energy output. However this 
gas must be cooled before use in a 
diesel engine, to increase its 
volumetric efficiency. In this case the 
sensible heat contained in the gas is 
not included as part of the energy 
output of the gas producer. 
The following operating conditions 
were obtained during a series of trials 
using pig manure-charcoal down- 
draft systems. Moisture content of 
the pig manure used averaged 12 per 
cent (wet basis). A total 
hydrocarbons content of 5 per cent 
was assumed. 
Pig manure in the gas producer 
Dried pig manure has a heat value of 
20 MJ / kg, or about 45 per cent that 
of fuel oil. The estimate of energy 
protentially available in one year 
from the manure from a 100 sow 
piggery is equivalent to 72 tonnes of 
diesel fuel. 
The potential to use dried piggery 
wastes as a fuel in the gas producer 
has been put to the test. The gas 
produced was used to su!)ply a diesel 
generator, so the emphasis was on 
the down-draft type of gas producer. 
The energy density ofpig manure 
(3.1 MJ / L) is low compared to fuels 
such as charcoal ( 12.9 MJ / L) This 
means that the heat available from 
combustion of a given volume is less 
for pig manure than for charcoal. 
Achieving high temperatures in the 
gas producer is therefore difficult and 
the burnt pig manure does not 
produce a good deep inc~ndescent 
bed of carbon. The reactions m 
Figure 3 indicate that the amount of 
CO produced will be relatively low 
(about 12 per cent). An up-draft gas 
producer will supply 19 per cent CO, 
which is satisfactory from an energy 
point of view, but has all the 
attendant tar condensation problems. 
Food technology researchers decided 
to persevere with the_down-d_raft type 
and provide a reduction bed m_t~e 
form of a separate vessel containing 
charcoal. A small amount of air 
supplied to the charcoal bed ensures 
that it remains at about 900° C and 
favours the forward direction of 
Reactions 4 and 6 of Figure 3. This 
alteration to the design of the gas 
producer was made _in consulta_tion 
with Mr Cliff Pedenck of Wagm. A 
wet scrubber sprays the gas with 
water, removing condensable tars 
and a cyclone extractor removes any 
fine particles that are carried through 
with the gas. 
The system is shown 
diagrammatically in Figure 4. 
